Fifty-three central venous catheters were followed up by radiography or direct observation dttring open-heart surgery. Forty of these were satisfactorily positioned for recording central venous pressure or for sampling central venous blood. Radiography showed that the catheter tip was in an unsatisfactory position in 21 per cent of cases. It is recommended that radiographic confirmation of the site of the catheter tip be obtained as a routine and if necessary the catheter can be re-positioned and another radiograph taken.
INTRODUCTION
Central venous catheterization is now a widely accepted clinical procedure. Its role has been well documented in the management of the critically ill patient where measurement of the central venous pressure (C.V.P.) aids in assessing intravenous fluid replacement (Sykes 1963) and where central venous blood sampling may be required (Barratt-Boyes and Wood 1957, Scheinman, Brown and Rapaport 1969) . Central venous catheterization allows infusion of irritant or hypertonic solutions, e.g. for long-term replacement or supplemental intravenous nutrition.
Many different insertion sites have been proposed and much has been written in respect of their individual merits. This study was undertaken to observe the problems encountered when the central venous catheters were inserted via an arm vein. METHOD Catheters were inserted in patients who required central venous catheterization, usually for measurement of C.V.P. The catheter* used was soft and flexible and had a fine radioopaque strip along its length. As shown in Figure 1 , this catheter is 70 cm long and has a fine wire stylet, to increase rigidity. The stylet runs inside the catheter for its whole length except the initial 2 cm. This construction gives a soft and flexible tip, which may help the catheter to follow the direction of the vein during insertion. The catheter is wound around a drum and each complete rotation of the drum advances the catheter by 12·5 cm.
Each catheter was inserted into the basilic or cephalic vein at the antecubital fossa, the choice of arm vein being left to the anaesthetist inserting the catheter. This anaesthetist was asked to note the arm used, its position in relation to the body, and any difficulties which occurred during insertion of the catheter. It was considered that the catheter should be in a satisfactory position if it was easy to insert to the appropriate length, if it showed a back flow of blood on aspiration, and if a respiratory fluctuation was present on measuring the C.V.P. These three facts were the clinical criteria for a satisfactory position. The catheter position was confirmed by radiology, and where openheart surgery was being performed by direct observation or palpation. The position was satisfactory if the tip of the catheter was in the right atrium, superior vena cava, or right or left brachio-cephalic vein ( Figure 2 ).
RESULTS
Sixty-three attempted catheterizations were studied. Ten of these failed for technical reasons, later discussed, and are not included in Table 1 . Of the 53 catheterizations which were considered successful, 38 were passed via the left arm and 15 via the right arm. Thirtytwo were passed via the basilic vein and 12 via the cephalic. In nine instances the vein was not recorded. FIGURE I.-The catheter with its stylet is \Vound inside the plastic drum, and extended through the needle into the vein by rotating the drum as indicated. Once inserted, the needle is \Vithdra\Vn from the vein, the needle guard closed and locked, and then the needle, guard and catheter are detached from the drum, the stvlet is removed, and the infusion " connectecl. Table 1 shows the arm vein used and the final position of the tip of the 53 catheters whose placement was clinically satisfactory at the time of insertion. Two catheters had passed into the right ventricle; this became obvious as soon as the pressure recording was found to be 35 cm of water in the absence of any other SIgnS of severe venous engorgement. The catheters were gently withdrawn about 10 cm without any cardiac disturbance. Forty catheters were in the right atrium, superior vena cava or a brachio-cephalic vein. These positions are technically satisfactory for C.V.P.
-FIGURE 2.-Racliograph of a central venous catheter inserted through the right cephalic vein. The tip of the catheter is in the right atrium and is in a satisfactory position. The catheter has been retouched in this and subsequent radiographs to improve the clarity of the illustrations.
recording and would allow an acceptable sample of central venous blood to be obtained. One catheter was in the right brachio-cephalic vein, having been passed from the left arm. Four catheters passed into the internal jugular vein on the same side as the insertion (Figure 3 ). All four were inserted without difficulty and the position was discovered only by X-rays. Four catheters were found to be in the subclavian vein of the same side and had not been inserted far enough. Two catheters which were inserted into cephalic veins appeared on X-ray to be caught where the cephalic vein pierces the clavipectoral fascia. The catheter which was found to be in the axillary vein had been inserted via the cephalic vein of the same arm (Figure 4 ). (Johnston and Clark 1972) , 13 per cent (Thomas, 1972) of malpo.;;itions.
The 10 technical failures were mainly associated with venepuncture, but on two occasions the wire stylet had become stuck and · .
· .
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Position of the catheter tip after clinically satisfactory insertion in 53 cases. ~o record means the arm vein used for the insertion was not noted. was impossible to remove. During one attempt to remove a stylet which had become stuck, a catheter was partially severed on the needle. This problem tended to recur, but we subsequently found that in this situation withdrawal of the whole catheter and needle assembly 5 or 8 cm often corrected the problem and then the stylet could be withdrawn easily. Another technical failure occurred when the catheter stuck, presumably on a valve, after being inserted several centimetres. A technical failure rate of around 15 per cent is probably unavoidable with these long catheters.
The frequency of various types of aberrant positions seems fairly common to all series. Probably the potentially most serious malposition is the catheter tip in the internal jugular vein; if it is used for infusions of irritant substances, a thrombosis of the internal jugular vein could result. This malposition may be avoided if the patient's head is turned towards the side of insertion to make the angle between the subclavian and the internal jugular veins more acute (Deitel and l\facIntyre 1971) . The problem of a catheter in the subclavian vein should be avoidable if the distance from the cubital fossa to the upper right atrium is measured on the skin before the catheter is passed. A measure with a tape from the proposed site of insertion to the anterior end of the right 4th chondrosternal junction along the line of the veins would give the correct distance. An alternative estimate has been suggested from the point of insertion to one-third of the way down from the suprasternal notch to the xiphoid process (Brandt et al. 1970) . Either way, once the measurement has been done it is easy to pass the correct length of catheter aseptically as each rotation of the drum on this catheter advances the tip ]2·5 cm.
In no case did we record any complications attributable to the catheter. Burri and Henkemyer (] 972) in their series of 3,241 caval catheters noted perforation of central veins as well as nerve plexus lesions.
It is notable that Jolmston and Clark (1972) , in their report of 73 insertions with the 60 cm Bardic Intra-cath, found malpositions similar to those in this report even though the Bardic catheter is more rigid than the catheter which we used. Langston (1971) suggests there is a serious risk of perforation of the right atrium or right ventricle during cardiac catheterization if a stiff catheter is used; and the risk of this complication must be substantially reduced by a soft flexible catheter. Of the 12 catheters passed up the cephalic vein, nine were in an acceptable position. This contrasts sharply with the report of Webre and Arens (1973) , who had a 55 per cent incidence of malpositions when the cephalic vein was used. Only two of these 12 catheters in our series failed to pass beyond the clavipectoral fascia; this is probably because the softness of this catheter allows the tip to follow the contours of the vem without difficulty.
From this series some observations about the insertion of these central venous catheters can be made. The side of insertion does not alter the chance of a malposition. We found the same in the incidence of malposition in right and left arm insertions. The manufacturers consider that the slight curve of the stylet from the drum makes it more suitable for insertion on the right side if the axis of the drum is antero-posterior and the drum facing forward. This is contrary to our findings, but the explanation may be that the catheter was usually inserted with the drum axis transverse across the body, which would not prefer either side for insertion. If the cephalic vein is used, the catheter may be misled into the axillary; however, the reverse was not noted. Thus the basilic vein of either arm would seem to be the vein of first choice. This is also theoretically more acceptable for anatomical considerations. Our highest success (fewer technical failures such as venous valve obstruction, etc.) was with the arm positioned at less than 45° to the body. This, therefore, would seem to be the best position to begin with, particularly as three out of four internal jugular vein catheterizations occurred with the arm at 90° to the body. Finally, it is not possible to be certain that the catheter is correctly positioned by clinical criteria alone. The position of the catheter tip should be checked by direct observation or X-ray.
